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[0005] g m&m&irzittbiz^ &mnmh\t, ^^^tmRumm^uvy 




^2£&^U R\ R 3 'tt. TkJiXttT/V^S^f Q R'i:R ] \ R\ R 2 \ r\ R 3 '**, # 

[0007] *7b^Jg^CD^^CI^k^^LV^«^«(C43^T, IM^ttS^y 
A«\ SKCH K Si(n-C H ) Si(t-C H ) , Si(CH )(CH), Si(CH ) (n-C H 
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OR 2 OR 



OCT. R\ R 2 '«, T/V4rjvm, XttSiSW^VU/H^L, R\ R 3 'tt, zKi 

[0009] #!BW<0ifc3Wfra^<c>#*Li ^«H»«tc*5v ^t, TK5£^$*L5;:&£r# 
Mk3] 



OCT. R 2 , R 2 'fi, T/^/VS, Xr±«*S**i-5->y^3i^b, R\ R 3 'tt, 7k g 
XiiT/V-^/H^/Pto R^R 1 '* R\ R 2 \ r\ R 3 '«:, #^ % ZW^fcoTTfclllli: 

[ooio] ^m<Dmft^k&m&&ik^^mMnmizte\,^T, m&m4\zm 



OR' OR 
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[0012] um 




[0013] [fb53 

R 7 0 




(rWs^ IM%tt5^/Ho R 7 , R 7 '»7V^v»^1~ 0 R a £R 6 ' , r W 

[oou] um 



R 6 0 OR 6 




(r 6 , R 6 'i-xmMm^-r^>v/pm^<i- 0 rWjl &*.KwmftoTxhm 
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[0015] Dfb73 




8 6 0 OR 



(R\ R 6 '^, Sifc»#-t-5'>!JA'2£o R\ R 7 "ttT^/VS«^-r o R 6 i:R 6 \ R 7 <fcR 7 ' 



(R\ R 7 \ R 8 , R 8 \ R\ R 9 'ttV^-rft^T/^^S%^-r o R 7 &f\ R 8 >R 8 \ RVtt, 

[0017] *^Bj^^^-?-^^<oM3t*&tt, mm^mfDm^ih^m^, mm^ 

[0018] ^^«^^-Kb##^MiS^&^?^UV^»«^*5V>T. «^M3^Wb 

[0019] #^W»^n^>>ffc&icJ;*tfcE x #ffl&^i«#T-{bl^£, X 
[0020] ^«^^^^b#^TO5mb#^^»^fe^i:ti^, WM^fc&fc 

^mm&^i-z i/v^m&mtftu mm^mm^^m iz^-^vr^w^iz 
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[002 1] m lBfc25] <Di b-^^60NMR^^ h/l^^1" 0 
CH12]Wt: 1 7] ^<^ffcl8^7<Z>NMR^-^ h^^^f o 

CHl4]Wfc; 1 7] ^0{^#?9<7)NMR^^ M^t^I^ 
[05Bb 1 7] ^ (Di 1 0<7>NMR^^ h^S:^-r o 
IMWC 1 7] (Dik&mi 1 CONMRX^ {V^^f. 
[[H7Bk 19]^ <7>f 1 5<Z>NMRx-<^ h/P§r>TC-f a 
[08][f t 1 9] <f <Di^m 1 6<7>NMRX-<^ M^j^o 

[0022] -r#*>*>, #mm<Di?^wi/<miz, rm^x^n^ a 
am 




[oo23] r\ R v tt^ cu Br,\m^mn^n^ti^>^^ ^m^mu^tM^BC 

^Ot©//S$LlVl\ itt^$(J^$^t>£D-Cf^V\ R 2 >R 2 \ RW«, 

[0024] *7b, «Pi3c0f«^ v: f fb^#;rt, TiB^-e ? T^H^«3t^^^rt {c#-re o 
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[0025] [ft 10] 




, imoi<Dmktmmvm-$L<Dm\ mum, tMfWStt^Pitu 

tfV^-Xh^Xh£^^K &f£<DmM£ J $>&&±, yi-s-em^-x^^k^&^L 

[0026] ^mmcoM^it^ <r>$ri~m±, mm^vrnzmfezthf^^. mmw-m 

[0027] «^«#^fbi^t3:. TIE^-e^tLSo 
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[0028] Mb 11] 




&£*U 5-1000T*fc6 o ^^<7>«^T-^#(«. ^D*M/^'©t« 
;^;vMft5->yyH, R 3 ^t^R 3 '{^:Cl"C20gS^Ty^/^^ot>^>^g 

[0029] tf-, ^m<D~mft7-it^m<Dm-^\ ^mmmmi^\ ^c, zhK. ft^sKua 

[00303 Mb 12] 

R 5 ' ^ 
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[0031] utm 



R'O 




[00323 Mbl4] 



R*0 OR 4 ' 




R 7 \ R\ R e \ R\ R 9 '{±T/V-^XSr^i- e R 4 tR 4 \ R*kU 5 \ R 6 tR e \ R 7 tR 7 \ R S tR 8 ' 

, R 9 tR 9 'n, , K^Hzmt£^xxhmzx-hx^\ ) 
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roo36] &mm<D*^v^~icm\<^&m&tciz&mfc&m tvxa, &W£b<D$m 

m±m, Tu V, Cr, Fe, Co, Ni. Cu4&D&&&m. Zn^(D12^^«, AU Gaf 

[0037] ^05«t-?/jr^&»-eE> . ftV ^J&tefci ^ft&JV^Ax fi~y£vWfrn4& £ s 

^o^^ai»^^:Ni (cod) ) OffiffldS^Ut \ 
[0038] £fc, ^CD J:5#KJ&fi* ^/HM^ATSK (DMF) ^©^l^f/ii' %/flv ^T, 
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20— 1 20 < C5fSS©?BJ?-efT;t tf <tV \ 

[0039] r©«t9(-bT#e>n5i*^ j f-fk'a^ft a, ts^w, ^m^^wir)^ 

pc) mz.£<>X3k£>tii><nx~&>& a 
[0041] £fc. ^^SS^fc^ «U fe©&fc&#p*SWb^W3S:rcSJS&*?^ 

[00423 ^-e, &£sm<D—mtim&vi.m'tz>i>K *&mt±. rm^mmw^m^xm 
[0043] mMm\(i?s^>fcm<n&m 
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[0044] Wfc; 17] 



Br 



COOH 



NaNO 



COOH 



CH 3 f 
K 2 C0 3 



pOOCH 3 




TiC] 4 
Zn 



TBF 



8r 



HO OH 

A' 




H 3 CO OCHg 




Br 



THF 




R^SiG 0SiR* 2 6 R 17 




? : S i iR \ 6 R"^S i (CHJ a 

8 : S i R^R l7 ^S i (CH,CH 2 Clri 2 CH,) a 

9 : S t R ^R'^S i (CH,) ? C (CH,) , 
J 0 ; 5 i R^R l7 -S i (CH a ) 2 C,H S 

1 1 : S i R; 6 R"^S i (CHJ , (CH,) l3 CK 3 

[0045] (A) 4 J 4 5 -Dibromo-2 > 2'-dicarboxy-l ,1 ? -biphenyl(l)<7)^jc 

2-Amino-5-bromobenzoic acid(5.47 g, 25,3 mmoOlCH O(20 mL)£hydrochrolic 

2 

acid(9 mL)^nx.O tlcjfcip, ££>&-sodium nitrite©. 10 g, 30.4 mmol)=&lMz.imm 
WtWlsfCo ^<T>^^ copper(II) sulfate pentahydrate(12.6 g, 50.5 nunoD&H 0(45 mL) 
JC^^L, 30% ammonia soJution(22 mD^r^Pxfc^M'i^hydroxyammonium 
chloride(3.?6 g, 55.7 mmol)<£>6N~ sodium hydroxideO m-L)$£?fe"£r0 "Cl^riX., £11$ L- 



WO 2005/078002 



13 



PCT/JP2005/002272 



>-:^rc=^/P=l: l)!?mm~tZ)^tX*AA' -Dibromo-2,2' -dicarboxy-1 ,1 * 
-biphenyl(4.5 g, 11.3 mmol, 90%)^M^MtLXntc o UhfhtzMM^:, tuv^/V 

mmm 

'H NMR (CD OD, 400 MHz) 

3 

6 (ppm) = 8.10 (d, J = 1.95 Hz, 2H, H ) 
7.69 (dd, J = 1.95,8.30 Hz, 2H, H ) 

b 

7.10 (d, J = 8.30 Hz 2H, H ) 

c 

IR(KBr) 3099, 1708, 1585, 1417, 1298, 1281, 1248, 1096, 1003, 826 (cm" ! ) 
ref) J. Am. Chem. Soc. 1992, 114, 6227. 

±Mmn.m.^, h h . h -<>if>m^w^-Lx^^yi<.m\zmm^n^o 

a be 

(B) 4,4' -Dibromo-2,2' -bls(methoxycarbonyl)-l ,1 ' -biphenyl(2)<Z>-£-$c 

'^*#ia^,T, 4,4'-Dibromo-2,2 > -dicarboxy-l,l'-biphenyl(0.18 g, 0.46 mmol) 
[^potassium carbonate(0.84 g, 6.00 mmol), acetone(25 mL), iodomethane(l70 it L, 
2.73 mmol)^Px.2B#rHlil^Lfc 0 

^-Kfy : ^n*M= i : i)xmU1rz>~hXM&m3iX$>Z>4A' 

-Dibromo-2,2' -bis(methoxycarbonyi)-l ,1 ' ~biphenyl(0. 18 g, 0.42 mmol, 91%)^:#7t 

0 mhivtzM^. ^^^^^^M^-mm^xmm^t^^tx^ 

! H NMR (CDCI , 400 MHz) 

3 

5 (ppm) = 8.16 (d, j = 1.95 Hz, 2H, H ) 

7.66 (dd, j - 1.95,8.30 Hz, 2H, H ) 
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7.04 (d, J - 8.30 Hz, 2H, H ) 

c 

3.66 (s, 6H, -CH ) 

3 

IR(KBr) 1730, 1716, 1434, 1294, 1278, 1244, 1148, 1095, 971, 832 (cm' 1 ) 
(C) 4,4 ' -Dibromo-2,2 * -bis(hydroxymethy!)-H , 1 ' -biphenyl(3)<Z>-g*J& 

^:^#ffl^,T, 4,4 ' -Dibromo-2,2 '-bis(methoxycarbonyI)-l , 1 ' -biphenyl(3.24 g, 
7.56 mmoO^dry ether(42 mDiZMM^. 0 0 CXMWLfz. o £ ^lithium aluminium 
hydride(0.64 g, 16.9 nunoD&tJQ*^ 6B#RISM$Ut, 

-r— <^mj-v mm^^ = i : Dxmm-r^tx & &®3zx&z>4a ' 

-Dibromo-2,2 , -bis(hydroxymethyl)-l,l'-bipheny!(2.60 g, 6.98 mmol, 92%)£#/c 0 

! H NMR (DMSO, 400 MHz) 
S (ppm) = 7.69 (d, J = 1.71 Hz, 2H, H ) 

a 

7.47 <dd, J = 2.20, 8.05 Hz, 2H, H ) 

h 

7.02 (d, J = 8.05 Hz, 2H, H) 

c 

5.23 (t, J = 5.37 Hz, 2H, -OH) 

4.15, 4.05 (dd, j = 5.61, 14.1 Hz, 2H, -CH -) 

2 

IR(KBr) 3454, 3320, 1656, 1611, 1567, 1542, 1222, 1161, 957, 822 (cm" 1 ) 
(D) 4,4 ' -Dibromo-biphenyl-2,2 ' -dicarba!dehyde(4)<D^$c; 
Mf#B^T\ -78 °CT*dry CH CI (30 mDKoxalyl dichloride(l.ll mL, 12.9 

2 2 

mmol), dimethyl sulfide(2.00 mL, 28.2 mmol)%:M^mmW:WVfc 0 -£(0^ 4,4' 
-Dibromo-2,2 ' -bis(methoxycarbonyi)- 1,1' -biphenyl(2. 10 g, 5.64 mmol), 
triethyamine(7.86 mL, 56.4 mmo\)^:1mX.2^mW¥Vtz b 

4 -(^Vls : ? nr nr^A - 2 : l)XW tttfeS*t*54 J 4 ' 
-Dibromo biphenyl -2,2 ' -dicarbaldehyde< 1 .87 g, 5.08 mmol, 90%)3r#fc #btifc 



WO 2005/078002 



15 



PCT/JP2005/002272 



! H NMR (CDCl , 400 MHz) 
8 (ppm) = 9.77 (s, 2H, -CHO) 

8.17 (d, J = 2.44 Hz, 2H, H) 

a 

7.80 (dd, J = 2.44, 8.30 Hz, 2H, H ) 

b 

7.21 (d, J = 8.30 Hz, 2H, H) 

c 

IR(KBr) 1693, 1682, 1583, 1457, 1389, 1179, 1086, 877, 833, 677 (cm"" 1 ) 
(E) 2,7-DifaromO"trans-9,10-dihydrophenanthrene-9,10-diol(5)<^>'^^ 

i?its#[fflMTx -78 °C"e4,4'-Dibromo-biphenyl-2,2'-dicarbaldehyde(2.70 g, 
7.33 mmol)3rdry THF(60 mDlcmM^fcmWi^ titanium(IV) chloride(1.21 mL, 
11.0 mmol)«TU 30^-^L zinc(1.44 g, 22.0 mmol)^[Jx.0 °C{Z.mVX3^mW.W 
Lfc 0 

^—i^-y-y : mm^/^ =3:i )xmwt^tx- e -Bwrnxfrz 

2,7-Dibromo-trans"9,10-dihydrophenanthrene"-9,10-diol(2.17 g, 5.86 mmol, 80%)£- 

mmm 

'H NMR (DMSO-d, 400 MHz) 
5 (ppm) = 7.76 (d, J = 8.29 Hz, 2H, H ) 
7.71 (dd, J = 2.20, 8.29 Hz, 2H, H ) 

b 

7.55 (d, J = 2.20 Hz, 2H, H ) 

a 

5.88 (s, 2H, -benzylH) 
4.47 (s, 2H, -OH) 

IR(KBr) 3349, 1459, 1416, 1193, 1141, 1084, 1027, 805, 633, 446 (cm"" 1 ) 
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C 


H 


Br 


O 


caJ 


45.44 


2J2 


43.19 


8.65 


found 


45.32 


2.83 


42.96 


8.91 



[0046] <^ey-^— <Dm&> 

(F) 2 , 7~Di brorao-9 , 1 0-dihydro-9 , 1 0- dimet hoxy phe nanthrene(6)© $c 
'MM^WtMTf, 2,7-Dibromo-9,10-dihydrophenanthrene-9,10-diol(l.54 g, 4.15 
mmol)£rdry THF(20 mL)iZ.mM^fz^m^ sodium hydride(0.40 g, 16.7 mrnol), 
iodomethane(l.5 mL, 23.8 mmoD&Mz., ^WiX^3^mW,WVtCo 

2 5 7-Dibromo-9,10"dihydro~9,10-dimethoxyphenanthrene(1.49 g, 3.74mmoJ, 90%)£r 

MMimp) 150.5-151.5 °C 
'H NMR (CDCI , 400MHz) 
8 (ppm) = 7.61 <d, j = 8,05 Hz, 2H, H ) 

c 

7.55 (d, J - 1.95 Hz, 2H, H ) 

7.53 (dd, J = 1.95, 8.29 Hz, 2H, H ) 

b 

4.32 (s, 2H, -benzylH) 
3.43 (s, 6H, -CH ) 

IR(KBr) 2933, 2894, 2823, 1469, 1207, 1179, 1097, 1005, 881, 819 (cm"') 





C 


H 


Br 


O 


calculate 


48.27 


3.54 


4044 


8.04 


found 


48.08 


3,63 


40.20 


8.19 
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[0047] _bS&ffc£*«!l6<Z>NMR*-^ V/V^m 1 i-^-f o 

[0048] MKim<D4\&Q97 

(G)2J-Dibromo-9J0-dihydro-940-bis(trimethylsilyloxy)phenanthrene(7)6D^J5g 
, 2 I 7-Dibromo-9,10-dihydrophenanthrene-9,10-dioI(l-43 g, 3.86 
mmoDSrdry THF(5 mL)l^M& J &t~?£mfc, chlorotrimethylsilane(1.5 mL, 11.8 
mmol), triethylamine(5 mL, 35.9 mmodZMx., MMT5B#PflS#Lfc 0 

2,7~Dibromo-9, lO-dihydro-9, 10-bis(trimethylsIlyJoxy)phenanthrene(l .60 g, 3. 1 1 



mp 144.0-145.0 

] H NMR (CDC1 , 400 MHz) 

3 

5 (ppm) = 7.67 (d, J = 0.49 Hz, 2H, H ) 

c 

7.53-7.30 (dd, J = 0.73 Hz, 4H, H , H ) 

b a 

4.66 (s, 2H, -benzylH) 
0.28 (s, 18H, -CH) 

3 

IR(KBr) 1253, 1190, 1158, 1096, 924, 908, 883, 867, 838, 808 (cm -1 ) 





C 


H 


Br 


cal 


46.70 


5.09 


3L07 


found 


46.48 


4.75 


3t.65 



[0049] ±mit&^7<DNMR^^W^&m2iZ^-r o l^T^ffB3i&iC*5V^XNMRJX-<^h/^ 

[0050] mi7]^o^ms 

(H)2,7-Dibromo-trans—9, 1 0- dihydro-9 , 1 0-bis(tributylsily!oxy)phenanthrene(8)<^> n" 
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m0?$M / MT. 2,7-Dibromo-trans-9,10-dihydrophenanthrene-9,10-diol(1.88 g, 
5.08 mmol)£:dry THF(30 raL)Kr«*fciS|^ chlorotributylsiiane(3.0 mL, 
11.2 mmol), l,8-diazabicyclo[5.4.0.]-7-undecene(1.9 mL, 12.7 mmoD^HX., '^U 

2,7-Dibromo-trans-9,10-dihydro-9,10-bis(tributylsilyloxy)phenanthrene(3.7 g, 4.83 
mmol, 95%)&r#fc: 0 

! H NMR (CDC1 , 400MHz) 

3 

5 (ppm) = 7.54 (d, J = 8.05 Hz, 2H, H ) 

c 

7.49 (dd, J = 2.20, 7.09 Hz, 2H, H ) 

b 

7.46 (d, J = 2.30 Hz, 2H, H ) 

a 

4.56 (s, 2H, -benzylH) 
1.30-1.18 (m, 24H, -CH CH -) 

2 2 

0.85 (t, J = 6.83, 7.32 Hz, 18H, -CH ) 

3 

0.60-0.56 (b, 12H, -SiCH -) 

2 

IR(KBr) 2956, 2923, 2871, 1464, 1195, 1082, 1005, 906, 886, 812 (cm -1 ) 





C 


H 


Br 




59.51 


8.15 


20.84 


found 


59.80 


7.96 


19.64 



[0052] l{tl7yp(B4b&m 

(02, 7~Dlbromo~trans-9, 1 0-dihydro-9, 1 0-bis(tert-butyldimety!siiyioxy)phenanthren 
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S^3?ES$iT\ 2,7"Dibromo~trans^9,10~"dihydrophenanthrene~9,10-diol(0.94 g, 
2.54 mmol)£rdry THF(15 mQiZ.f&tt£-&i£M10i\Z^ tert~butyldimethylsilane(1.91 g, 
12.7 mmoi), l,8-diazabicyc!o[5.4.0.]-7-undecene(2.3 mL, 15.4 mmol)£:7JQX., 'MU 

2,7-Dibromo-trans-9,lO-dihydro-9,lO-bis(tert-butyldimethylsilyIoxy)phenanthrene( 
1.35 g, 2.26 mmol, 89%)^#^ c ^htitM^. ?v*vftA'J*-^*'9->'tBi&8i16&Z 

mp 162.0-163.0 t 

'H NMR (CDC1 , 400MHz) 

3 

5 (ppm) = 7.57-7.46 (m, 6H, H , H , H ,) 

a b c 

4.57 (s, 2H, -benzyl-H) 
0.85 (s, 18H, -C(CH ) ) 

3 3 

0.14-0.06 (s, 12H, -Si(CH)) 

3 2 

IR(KBr) 2953, 2928, 1471, 1257, 1083, 910, 845, 837, 814, 775 (cm" 1 ) 





C 


H 


Br 


caf 


52.17 


6.40 


26,70 


found 


52.21 


637 


27.00 



[0053] ±m4t^¥59<DNMR^^h/^m^Z.^i~ 0 
[O054] Mfcl7j*<©fc#4*10 

(j)2,7-Dibromo-trans-9,l0-dihydro-9,10-bis(dimethylphenylsilyloxy)phenanthrene( 

Ie3R#!IIMT\ 2,7-Dibromo-trans"9,lCHdihydrophenanthrene-9,10-dioK0.70 g, 
1.89 mmoD&dry THF(J0 mLHZf&MZS-frfc.WR6£i£* chlorodimethylphenylsilaneCl mL 
, 5.96 mmoi), 1 ,8- diazabicycio[5.4.0.]-7-undecene(1.7 mL, 11.4 mmoD&Mx.^ ^ 



WO 2005/078002 



20 



PCT/JP2005/002272 



2 , 7- Dibromo-trans-9, 1 0-dihydro-9, 1 0-bis(dimethylphenylsilyloxy)phenanthrene(0. 7 
9 g, 1.24 mrnol, 65%)£#fc 0 

mmm 

mp 103.0-104.0 °C 

'H NMR (CDC1 , 400MHz) 

3 

5 (ppm) = 7.52-7.34 (m, 16H, H , H , H , ~Ph) 

a b C 

4.61 (s, 2H, -benzylH) 
0.35, 0.32 (s, 12H, -CH ) 

3 

IR(KBr) 1254, 1117, 1053, 912, 866, 845, 826, 786, 736, 698 (cm" 1 ) 
[0055] ±mik&kl0<DNMR*<<?bA'&m5lZLjF-ir o 
[0056] Utl7]rp<Dik&mi 

(K)2, 7-Dibromo- trans-9, 1 0-dihydro-9, 1 0-bis(dimethyloctadecylsilyIoxy)phenanthre 

ne(ll)<7>^ 

iifI^T» 2 ,7- Dibromo-trans-9 , 1 0-dihydrophenanthrene-9 , 1 0~diol( 1 . 1 9 g, 
3.22 mmol)£dry THF(20 mQizmM^tl^W.^, 

chlorodimethyloctadecylsilane(4.47 g, 12.9 mrnol), l,8-diazabicyclo[5.4.0.] 
-7-undecene(2.4 mL, 16.0 mmoD&Mx., 5fl#IB!»8fcLfco 

2 , 7-Dibromo-trans-9, 1 O-dihydro-9, 1 0-bi's(dimethyloctadecylsiiyloxy)phenanthrene( 
1.81 g, 1.83 mrnol, 57%)^#7c 0 

mp 51.5-52.5 °C 
"H NMR (CDC1 , 400 MHz) 
5 (ppm) = 7.60,. 7.47 (s, 6H, H , H , H ) 
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4.57 (s, 2H, -benzylH) 
1.24 (br, 64H, ~CH -) 

2 

0.86 (t, 6H, -CH) 

3 

0.69 (t, 4H, -SiCH -) 

2 

0.18, 0.15 (s, 12H, -Si(CH ) ) 

3 3 

IR(KBr) 2955, 2917, 2850, 1471, 1253, 1192, 1158, 1098, 856, 809 (cm"') 





C 


H 


Br 


cal 


65.43 


9,56 


36.12 


found 


65.44 


9.38 


16.28 



[0057] ±IB<b^#Jll<?5NMR^-<^h/^gl6iC>^i- 0 

[0058] H»J2 

[oo59] mmt^tz.^$Lmmm%£XT^ir a 

[0060] Wfcl8] 



RO OR Ni(cod}, 
S — ( bipyridine 

Br-/~V\ = ^"" Br CT » ' 

« — ^ solvent 




(A) sMr#ey-y— fi-g* 

'#:^#ffl^T> bis(l,5-cyclooctadiene)nickel(0)(0.60 g, 2.18 mmoO^dry 
DMF(15.0 mL), bipyridine(0.34 g, 2.18 mmol), l,5-cyclooctadiene{267 p. L, 2.18 

2,7-Dibromo-trans"9,10-dihydro-9,l0~bis(tributylsilyloxy)phenanthrerre(0.75 g, 
0.98 mmoDOdry DMF(5 mLMf$^M;t60 ICIM B flfJft^Lfc. 
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Jl^bTk^^-equenchUfc^ *#S—A'^ EDTA~4Na f?ifcJR£frV \ 

■T«C:i:"r*feHflrC*>5S5^(0.58 g, 0.96 mmol, 96%)£#fc 0 
[0061] #e>tLfc^y^-^ttW^:Trd*l 
[0062] [Si] 



run 


R 




mm 

day 


•A 






1 




DMF 


2d 


9S 


17 




t.2 b 


2 


SiBu 3 


DMF 


4<i 




1$ 


9,800 


2.0 


3 


Si(CH J > 2 C{CT^}3 


Toluene / DMF 
7:3 


4d 


95 


19 


3,500 b 


Ll b 


4 




DMF 


44 


SO 


20 


l,300 b 


I.2 b 


5 


Si(€H 3 ) 2 {CH 2 ) t7 CH 3 


Toluene / DMF 
7:3 


4d 


4d 


21 


69,000 


3.0 



l<Drun2,5^tOTb20]4 3 <Z)5te2(^# ^[0070]{^OV^T{*, ^nntM THF.h 

EX 

379nm, A («#fe£) = 414nm, A = 391nnu X m% 

EX EM 

SES)=431nm(;i*3te4r^Lfc 0 

EX EM 
EX EM 

EX BM 

= 418nm. ^/VMX*^ X (I&|2$?;ft)^382nm v A (*3te»ES)=432nmlC|g3te* 

ex ;lm 

'I<L-7b ( , 
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tfV~?--^/UJ*<Dm j (tm$:m-f 0 -£t^ *EEl.33V#©teJi, Ag7Ag^*j~f SffiX* 

5%£ftj$*Wfi££(Td)£\ run2te390°C, run5H360 < C, Ut20 

[0063] MMM3 
[0064] 




16 

[0065] (L) 2-Amino-S"bromoacetophenone(12)<Z>#^ 

^^#ffl^T. 2-Aminoacetophenone(20.0 g, 148 mmol), potassium bromide(21.2 
g, 178 mmol)^AcOH(60 mU&MX-O "C^^PUtgL sodium peroxoborate 
tetrahydrate(27.3 g, 178 mmoD^^O^. 2 BPM#Lfc c 

. ^nn*;VA- 1 : l)Ti#trt~$->T*|tMk;fc-e£>£ 
2-Amino-5-bromoacetophenone(27.4 g, 128 mmoi, 86%) ; S:#fc 0 #bn-fd$;*:£\ ^ 

l H NMR (CDC1 , 400 MHz) 

3 



WO 2005/078002 



24 



PCT/JP2005/002272 



5 (ppm) - 7.80 (d, J = 2.44 Hz, 1H, H ) 

a 

7.32 (dd, J = 1.95, 8.79 Hz, IH, H ) 

b 

6.56 (d, J = 8.79 Hz, 1H, H ) 

c 

6,29 (s, 2H, -NH ) 
2.56 (s, 3H, -OCH ) 

3 

IR(KBr) 3314, 1469, 1394, 1186, 1089, 1036, 1004, 847, 816, 518 (cm" 1 ) 

(M) l-(2'-Acetyl-4,4'-dibromo-biphenyl-2-y])etanone(l3)C^jc 

2~Amino-5-bromoacetophenone(17.4 g, 81.0 mmol)[;iHO(28 mOthydrochloric 
acid(24 mD^nx.0 'CiCjftif!, £^sodium nkrite(6.71 g, 97.2 mmoO^P^HTO 
Jt#U7t 0 -r<Z>^, copper(II) sulfate pentahydrate(40.5 g, 162 mmol)£rH O(140 

2 

mL){^^U 30% ammonia soiution(70 mU^flxfc^^^hydroxyammonium 
chloride(12.0 g, 178 mmol)<£>6N~sodium hydroxide(30 mDMM&O XlXMft, M# 
Lfc 0 WmWilC, dIazofbLfc^^copperM^O^jSJ:0T^^30^^MTb7t 

{dJ:«9. l-(2'-Acetyl-4,4 , -dibromo-biphenyl-2-yl)etanone(16.0 g, 40.4 mmol, 99%) 
'H NMR (CDCI , 400 MHz) 

3 

5 (ppm) = 7.86 (d, J = 2.44 Hz, 2H, H ) 

a 

7.62 (dd, J = 1.95, 8.00 Hz, 2H, H ) 

b 

7.01 (d, J = 8.00 Hz, 2H, H ) 

c 

2.33 (s, 6H, -OCH ) 

3 

(N02,7-Dibromo-trans-9 > 10-dlmeUiyIphenanthrene-9,10"dioi(14)O#/ijc 

iifffiMT, -78 '-CT"i-'(2 , -Acetyl-4,4 I 
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-dibromo-biphenyl-2~y!)etanone(10.7 g, 27.0 mmoDSfdry THF(150 mL){Cii$-f 
tzmm^ titanium(IV) chioride(4.44 mL, 40.5 mmol))£r?itTU 30#$L zinc(5.29 
g, 80.9 mmoDSriOJ^ 0 < C^MLT3P#P B Hf#Lf- 0 

2,7-Dibromo-lrans-9,10-dimethylphenanthrene-9 1 10-diol(9.57 g, 24.0 mmol, 89%) 
5 H NMR (CDC1 , 400 MHz) 

3 

5 (ppm) - 7.85 (d, j - 1.95 Hz, 2H, H ) 
7.51 (d, J = 8.30 Hz, 2H, H ) 

c 

7.46 (dd, J = 1.95, 8.30 Hz, 2H, H ) 

b 

2.50 (s, 2H, -OH) 
1.30 (s, 6H, -CH) 

3 

IR(KBr) 3447, 1463, 1365, 1178, 1096, 1056, 950, 930, 809, 685 (cm'') 
^y-^— <7>ffife% % 7C*^tff> IR(KBrfefe) „ 'HNMRiCj;9tf o7c Q mbtltci/^ 

[0066] Utl9]^<Dit^m5 

(O) 2,7-Dibromo-trans^9,10-dimethoxy-9,10~dimethylphenanthrene(15)<^^ J Bjc 
'MM # SB ~~f ^ 2 , 7-Dibromo-trans-9 , 1 0-dimethyiphenanthrene -9 , 1 0-diol(2. 7 1 g, 
6.81 mmoOSrdry THF(20 mDiZ^M^fct^Wl^-, potassium tert-butoxide(3.28 g, 
29.2 mmoD^PX., m.M.XZmmW.WLtc* ^COm, iodomethane(6.00 mL, 96.4 

fc§2,7-Dibromo-"trans-9,10~dimethoxy-9,10~dimethylphenanthrene(0.50 g, 1.17 

mmoi, i7%)^#fc 0 m>tiitmm&. ?vti&/\,j±^*^u&MMK£mmmt 

^%zkx&&mmMhttm± 0 
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mp 202.5-203.0 °C 
] H NMR (DMSO-d, 400 MHz) 
5 (ppm) = 7.77 (d, J - 8.30 Hz, 2H, H ) 

c 

7.66 (d, J = 2.20 Hz, 2H, H ) 

a 

7.57 (dd, J = 1.95, 8.29 Hz, 2H, H ) 

b 

3.29 (s, 6H, -OCH ) 
1.54 (s, 6H, -CH ) 

3 

IR(KBr) 1476, 1461, 1250, 1206, 1118, 1078, 1037, 1004, 810, 795 (cm"') 





C 


H 


Br 


O 


cal 


50.73 


4.26 


37.50 


7.51 


found 


50.45 


4.13 


37 18 


7.52 



[0067] ±.mit'&%9l5(DNMR*^<?b/l'$:m7iZ?Flr 0 
[0068] Mfcl9]*tf>fts£4&l6 

(P)2,7-Dibromo-trans-9J0-dimetM 

^ M W MM T . 2 , 7-Dibromo-trans-9 , 1 0-dimethy!phenanthrene--9, 1 0-diol(3 .50 
g, 8.79 mmoD^rdry THF(30 mL^mM^tc^m^, chlorotrimethylsi!ane(4.46 
raL, 35.1 mmoi), l,8-diazabicyclo[5.4.0.]~7-undecene(l0 mL, 71.7 mmoO^APx., jf 

2,7-Dibromo-trans-9,10-dimethyl-9,10-bis(trimethylsilanyloxy)pherianthrene(3.93 
g, 7.24 mmoi, 82%)^#fc 0 #fcjtxfcj»5fc£\ ^npafc/VA-^^^^JSSItJcj:*? 

mp 140.0-141.0 V 



WO 2005/078002 



PCT/JP2005/002272 



] H NMR (CDCi , 400MHz) 
5 (ppm) - 7.65 (d, J - L71 Hz, 2H, H ) 

a 

7.40-7.46 (m, 4H, H , H ) 

b c 

1.34 (s, 6H, -CH ) 
0.33 (s, 18H, ~(CH ) ) 

3 3 

IR(KBr) 1264, 1252, 1219, 1155, 1114, 1070, 1019, 888, 861, 839 (cm" 1 ) 
[0069] ±mit&m6<DNMR*^?Wl'%:m8lZ.m~t 0 
[0070] IM4 

[oo7i] 7ts^v-^-commitvtz.^%mmi^TiC7jk-r 0 

Mb20] 



H 3 COSi(CH 3 )3 

(CH 3 ) 3 Sio\\jCH 3 

Br 

16 




Ni(cod)2 
bipyridjne 
cod 

DMF 



H,CO Si(CH 3 )3 
(CH 3 ) 3 Sio\\ CH 3 




Mn= 16,000 Mmftfn-IJt 



(JftffO 

Ii#KTs bis(l,5-cyclooctadiene)nickel(0)(0.51 g, 1.84 mmoOtCdry 
DMF(15.0 mL), bipyridine(0.30 g, 1.92 ramol), l,5-eyclooctadiene(226 /z L, 1.84 
mmol), 

2,7--Dibromo-trans"9,10-dirnethyi-9,10-bis(trimethylsilyloxy)phenanthrene(0.50 g, 
0.92 mmol)^;jtlx.60 °CXH B mWkWLtz 0 

ISfe*&;fc-?*>5i*# 7-22(0.33 g, 0.86 mmol, 94%)£r#7t 0 

mm^ veil, it2oizm&ntz*e;-?~~&m\< *-t\ *fi^^d<t^T^s 0 
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(A) Sonogashira^JS Jk-n 

2,7-Dibromo-trans-9 > 10-dihydoro-9,10-dimethoxyphenanthrene(0.39 g, 0.98 mraol) 
{£dry THF(25 mL), tetrakis(triphenylphosphine)palladium(0)(56.6 mg, 49.0 p. mol), 
copper(I) iodide(10.0 mg, 52.5 fi mol), triethylamine(10 mL, 71.7 mmol), 
2,7-Diethynyl-9,9-dioctylfluorene(0.43 g, 0.98 mmol)^}II^*Pxi60 'CTM P Pfljt# 

g, 0.96 mmol, 98%)£#fc 0 

(B) SuzukiKJ&i^S**^- 
-$l£LT31<£>£-jjjc^-f 0 

HE ^^11*17% tetrakis(tripheny]phosphine)palladium(0)(58.0 mg, 0.05 mmol){2:ii 
^-e^^y>^Lfctoluene<20 mL)^X N ^fei- 
9,9-dioctylfluorene-2,7-bis(trimetyieneborate)(0.56 g, 1.00 mmol), 
2,7-Dibromo~trans-9,10-dimethoxyl-9,10-dimethyiphenanthrene(0.43 g, 1 .00 
mmol),^^7 > "y^L7c2M-potassium carbonate(5.0 mL), methanol(5.0 mL^D^SO 
X:X4® mMWlsfZc 

pi^/— /K EDTA-4Na aqt?2&¥¥ifcS:U m$&^hXW&WMXlh%1lk9r^ 
(0.65 g, 1.00 mmol, 99%)&#fc 0 

[0072] ±ia(A)i: (b) xnbntc^y^~(rMn&Tmm2iz?T<-r 0 

[0073] [152] 
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mm mm ^ u _ 7 _ ******* am 

h % ^ ; (Mn») (Mw/Mn-) 



4d 9$ 27 7000 3.0 

R"-CHa. R«fc=n-C«Hn 



R 7 0 




4d 96 29 3100 1.3 

R^SiCn-CJW 3 

R ' R 7 

4d 97 30 6600 2.2 

4d 9£ 31 21000 2.4 

R'=n -CaHn, R*=CH3, R^CHs 

a Determined by GPC (eluent: CHCI^) 

— MtLr*:^e#y^~ (22) tov ^ri&^o 
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[0074] mmm5 

[0075] [*3] 



run 




^naj / nm 


^ (EMVmn 

(^tnar (KX)/ Jim) 








CHCI 3 sain, film 






CHQ 3 soln 


film 




1 


17CH3 


351 


41D 

(361) 




S9 


2 




378 392,415 


414 f 438 

(379) 


431,456, 486 
(391) 


100 


3 


19Si(CH > ) 2 C{CH 3 )3 


382 384 


415 

(373) 


434, 457, 486 
(370> 


S2 


4 


20-Si(CH 3 ) z I>h 


367 


412 t 434 
(367) 




X6 


5 


21-Si{OI 3 ) 2 <CH 2 ) J7 CH 3 


41© 393,411 


427, 454 
{398) 


430, 456 
(398) 


62 


6 




382 392 


418, 440 
(385) 


432, 454 
(332) 


100 



[0076] [^43 
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run 






X^ x (EM)/nm 
(^ ax (EX}/nm) 








CHC1 3 solo. 


film 


CH€I 3 soln. 


film 




1 


27-CH3-FL-AcetyI 


390, 408 


397,421 


423,447 
(410) 


480, 508 
(436) 


82 


2 


2S SiBuj-Ph Acetyl 


333, 386 


333, 387 


441 
(333, 397) 


517 
(398) 


53 


3 


29-SiRu 3 -Thiophene 


405 


404 


464, 485 
H12) 


480, 505 
(399) 


89 


4 


30-SiBu r FL 


377 


382 


416, 439 
(378) 


428, 453 
(378) 


89 


5 


31-CH 3 -CH 3 -FL 


387 


382 


418, 443 
(389) 


428, 453 
(371) 


84 



[00773 diLfc^JP:. m^W.WUx^Ph/i'frbftcDW.i&tifM&'frfriQ. BTti^^SSftX 

[oo78] izxtiit, mm&zmu mmk^mim&x% n-yt^u m%m»& 
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[1] 



ma 




OR 2 OR 2 ' 



R 



[2] Si(CH ) , Si(n-C H ) , Si(t-C H ) „ Si(CH ) (C H X 

3 3 4 9 3 4 9 3 3 2 8 5 

si(ch ) (n-c h )^b^m^m^ti^^<thmx^m^mimm<D^ 

3 2 18 37 

Wb2] 



OCT, R 2 , R 2 '«, 7;^S, X««g|^#i~5v^»^U R 3 . R 3 'tt, * 



OR 2 OR 2 ' 
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Mfc£l 




MM 




(R\ r'&^r 5 , r 5 '», r/^^m^-f- 0 ) 

R 7 0 




Wb63 
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R s 0 OR 6 ' 




Ut7l 



R 7 R 7 ' 




(R\ R 7 \ R\ tf\ R\ R 9 *^VNTtbt>T/V^S^i- 0 ) 
[8] T/^^^^^Cl — 20<Dm<DT/V3cjV^X'$>Z>tn 7^.<D\ ^-ffhfal 
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H 



b .1 



H 



'\Jl ' UH 



benzyl 



CH 3 
fH 



7.6 



7.5 



(a) 



TMS 



H 2 0 



10 8 



0 



[02] 



H a ,Hb 



H 



benzy 1-H 



-(CH 3 ) 3 



H 2 0 



(b) 



t — ' l I T"" * 1 1 1 — 

10 8 6 4 2 0 



WO 2005/078002 



2/4 



PCT/JP2005/002272 



[03] 




1 0 



8 



6 



0 



[®4] 



H 



H 



c 1 

J 



H 



(d) 

-Si(CH 3 ) 2 



7.60 



7.44 
benzyl-H 



-C(CH 3 ) ; 



10 8 



0 
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[HS] 



V 



JUUw 



7.55 



I 



7.35 
benzyl-H 



(e) 

-Si(CH 3 ) 2 
H 2 0 

TMS 



10 8 


6 


■r -"— ' i — 

4 2 


[06] 










-C16H32- 






\ 


| 

H a , H5, He 


benzyl-H 










H 2 0 | 




V !—■-,..,.,.,>.,■„ 


1 



0 



Ofe (f) 



J 



-Si(Ofe)3 



-SiCH 2 - 
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[07] 



Hi 



He 



D1VCO 



._. M. JUH 



™, j , J F — T~ 



7.9 



7.4 



10 



'A „ 



8 



aJLdLl^ 



0 



[H8] 



Hb, He 



7.7 



73 



-as, 



JU 




10 



8 



T" 

6 



4 



0 



INTERNATIONAL SEARCH REPORT 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 C08G61/00, C07C43/225, C07F7/18 



International application No. 

PCT/JP200 5/002 2 72 



According to International Patent Classiti cation (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int,Cl 7 C08G61/00-61/12, C07C43/225, C07F7/18 



Documentation searched other than minimum documentation to the extent tliat such documents are included in the tieids .searched 
Jitsuyo Sh±nan Koto 1922-1996 Jitsuyo Shinan Toroku Koho 1996-2005 

Kokai Jitsuyo Shinan Koho 1971-2005 Toroku Jitsuyo Shinan Koho 1994-2005 

Electronic data base consulted during the international search {name of data base and, where practicable, search terms used) 
CAS ONLINE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



P,A 



A 



WO 2005/030827 Al (COVIGN ORGANIC 

SEMICONDUCTORS GMBH.}, 

07 April, 2005 (07.04.05), 

Formula MS 

& DE 10343606 Al 

JP 10-273523 A {JSR Corp.), 
13 October, 1998 (13.10.98), 
Full text 

& WO 1998/33836 Al & OS 6300465 Bl 

Sc EP 956312 Al 



1-4 , 8 , 11 
5-7, 9, 10 



1 1 Further documents are listed in the continuation of Box C, 



CZ3 See Patent family annex. 



k Special categories of cited documents: -y 
A* document defining the general stale of the art which »s not considered 
to be of p&mcu I ar relevance 

E" earlier application or paten* but published on or after the international "X" 
filing date 

"h" document which may throw doubts on priority claimfe) or which is 

Cited to establish ihe publication date of another cttairon or other -y 
gpec i ai reason ( a s spec \ f ied ) 

O" document referring to an oral disclosure, use, exhibition or other means 

F" document published prior to the iiiientar tonal filing date but iafer than the 
pootiiy date claimed 



later document published after the international filing date or priority 
date and not in conflict with the application but cited !o understand 
the principle or theory underlying the invention 

document of particular relevance: the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the documenT is 
combined with one or more other such documents, such; combination 
being obvious to a person skilled m the art 

document member of the same potent family 



Date of the actual completion of the utfgn-iminnal search 
11 May, 2005 (11.05.05) 


Date of mailing of the international search report 
31 May, 2005 (31, 05 . 05) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



liiiJgft PCT/JP2 0 05/00 2 2 7 2 



a. &&<oR-r (mmmnm (ipo ) 

IntCl. 7 C08G61/00. C07C43/225, C07F7/18 



W3£*rffofcft/M8»HSf (I PC) ) 

lnt.CL 7 C08G61/00-61/12, C07C43/225, C07F7/18 



B*S*ffl«f*^« 1 92 2-1 9 9 6* 

B&m&fflmmmz&m 1971-2005* 

S^iUlf^li^ 1996-200 5* 

B*m&mmmm&&m 1994-2005* 

Hi??^*T-ffi«Ufc*^^— ^-<-x (v*-^— *<0£fK WiElwM UfcffilS) 
CAS ONLINE 



C. 



p.x 

P,A 



WO 2005/030827 Al (C0VI0N ORGANIC SEMICONDUCTORS GMBH) 
2005. 04. 07, 5tM 5 & DE 10343606 Al 

JP 10-273523 A (i/^j o^T— A4$3g&fc) 1998. 10. 13, ^lX k ff0 
1998/33836 Al & US 6300465 Bl & EP 956312 Al 



1-4, 8, 11 
5-7, 9, 10 

1-11 



t>co 

TEj BRta«B86<ottJ«*fc»419fFTf!fo5*s. SJKtWHB 
BSL<f±*fe©1*»J»fea*«raA-*-5fci&t=:5lffl-r 

roj asuctsiPi^ s^icsa-ras:* 



Bil!IS£3feTL*iB 

11. 05. 2005 


31. 5. 2005 


P*B#fF/f (I S A/ J P) 

1 0 O - 8 9 1 5 
flfSCW^ n EtS J4> 1£T g 4 # 3 # 




4 j 


2 9 4 1 


H:fS#^- 03 - 3581-1 101 f*M 


ft 3 4 5 7 



iSPCT/ISA/2 10 (S2^—y) (2 0 04?^) 



